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The important aspect in regulation of hydrogen (H2) photo-
production by purple bacteria and its energetics is the requirement of
the F0F1-ATPase, the main membrane mechanism generating proton
motive force [1,2]. Previously the relationship between H2 produc-
tion, proton transport and the F0F1-ATPase activity was shown by
purple bacteria Rhodobacter sphaeroides [2]. It is well known that H2
production varies depending on the different factors: anaerobic
conditions, light intensity, pH, carbon and nitrogen sources, and
heavy metals ions [3,4]. Fe, Ni and Mo ions are the components of
enzymes, which are responsible for H2 production by photosynthetic
bacteria, such as hydrogenase and nitrogenase. Bacterial photosyn-
thetic pigments such as bacteriochlorophyll contain Mg.
R. sphaeroides MDC 6521 (isolated from Arzni mineral springs in
Armenia) is able to grow and produce H2 in anaerobic conditions
under illumination in the presence of various heavy metal ions [4]. In
this study in order to examine the mediatory role of the F0F1-ATPase
in H2 production, the effects of metal ions (Ni2+, Mg2+, Mo6+, and
Fe2+) on DCCD inhibited ATPase activity of R. sphaeroides membrane
vesicles were investigated.
These metal ions in appropriate concentrations considerably
enhanced H2 production by R. sphaeroides. But H2 production was
not observed in the absence of Fe2+, indicating that Fe2+ is required
for H2 production. As was shown in our previous study [2] the R.
sphaeroides membrane vesicles demonstrated signiﬁcant ATPase
activity. The absence of Fe2+ caused to marked inhibition (~80%) in
ATPase activity. After treatment of membrane vesicles with Ni2+
(0.004 mM) and Mg2+ (10 mM) the ATPase activity stimulation was
observed: the activity was increased by 15 and 30%, respectively. The
Fe2+ (0.08 mM) and Mo6+ (0.016 mM) added gave a stimulated
(~2.5 fold) ATPase activity.
These results indicate a relationship between the F0F1-ATPase
activity and H2 photoproduction. This provides novel evidence on the
role of the F0F1-ATPase in H2 production by this bacterium.
References
[1] L. Hakobyan, L. Gabrielyan, A. Trchounian, Curr. Microbiol. 62
(2011) 415–419.
[2] L. Gabrielyan, A. Trchounian, Int. J. Hydrogen Energy 34 (2009)
2567–2572.
[3] L. Gabrielyan, H. Torgomyan, A. Trchounian, Int. J. Hydrogen
Energy 35 (2010) 12201–12207.
[4] L. Hakobyan, L. Gabrielyan, A. Trchounian, Int. J. Hydrogen
Energy 37 (2012) 7482–7486.
doi:10.1016/j.bbabio.2012.06.352
17P5
Regulation of anaerobic glycolysis during work transitions in
skeletal muscle: In silico studies
B. Korzeniewski, J.A. Zoladz
Jagiellonian University, Faculty of Biochemistry, Biophysics and
Biotechnology, Gronostajowa 7, PL-30-387 Krakow, Poland
AWF Krakow, Department of Physiology and Biochemistry,
Jana Pawla II 78, PL-31-571, Krakow, Poland
E-mail: bernard.korzeniewski@uj.edu.pl
The regulation of anaerobic glycolysis in response to elevated ATP
demand at the onset of exercise in skeletal muscle is still not fully
understood [1]. The computer model of the bioenergetic system in
skeletal muscle, comprising oxidative phosphorylation, creatine kinase,
anaerobic glycolysis and ATP usage developed previously [2] was used
to study the regulation and impact on the systemof anaerobic glycolysis
during on- (rest-to-work) and off- (work-to-rest) transients. It is
shown that changes in ADPfree and related metabolites cannot account
for the huge increase in the glycolytic ﬂux during on-transient. It is
demonstrated that, while the postulated direct activation of glycolysis
and glycogenolysis is able to elevate the glycolytic ﬂux and decrease
pH during muscle contraction signiﬁcantly, great changes in oxygen
concentration in the physiological range exert much smaller effect on
the glycolytic ﬂux and pH. Computer simulations reveal that
anaerobic glycolysis slows down the VO2 and PCr on-kinetics. It is
also shown that anaerobic glycolysis removes the PCr recovery
overshoot. Computer simulations predict, in accordance with exper-
imental data [3], that PCr cannot be rebuilt after exercise in anoxia,
although the concentration of ADPfree, an activator of glycolysis, is
signiﬁcantly increased. Finally, it is demonstrated that the relation-
ship between the initial phase of the VO2 off-kinetics and the PCr off-
kinetics is inverse: the faster the initial phase of the VO2 off-kinetics,
the slower the PCr off-kinetics, and inversely. However, a faster initial
phase of the VO2 off-kinetics is associated with a slower late phase of
this kinetics; as a result the integral of VO2 (above the baseline)
representing the total oxygen debt is identical in different cases for
the same decrease of PCr during work.
References
[1] R.J. Connet, K. Sahlin, Control of glycolysis and glycogen me-
tabolism, In: in: L.B. Rowell, J.T. Shepherd (Eds.), Handbook
of Physiology, Oxford University Press, New York, 1996,
pp. 870–911.
[2] B. Korzeniewski, P. Liguzinski, Theoretical studies on the regu-
lation of anaerobic glycolysis and its inﬂuence on oxidative
phosphorylation in skeletal muscle, Biophys. Chem. 110 (2004)
147–169.
[3] B. Quistorff, L. Johansen, K. Sahlin, Absence of phosphocreatine
resynthesis in human calf muscle during ischaemic recovery,
Biochem. J. 291 (1992) 681–686.
doi:10.1016/j.bbabio.2012.06.353
17P6
An analysis of amino acid residues which affect the structure
of the ion ﬂux pathway of the ﬂagellar stator complex from
Bacillus subtilis
Kotomi Koyama, Masahiro Ito
Graduate School of Life Sciences and Bio-Nano Electronics Research
Centre, Toyo University, Japan
E-mail: gx1100053@toyo.jp
Many bacteria swimby rotatingﬂagellar that consists of a basal body
(rotary motor), a helical ﬁlament (propeller), and a hook (universal
joint). The energy for rotation of the ﬂagellar motor comes from the H+
or Na+ gradient across the cytoplasmic membrane. The motor
consists of a rotor and some stators, that work as an ion channel.
The stators are most often called a Mot complex, that is thought to
contain four MotA subunits and two MotB subunits. Escherichia coli
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has a MotAB complex that is a H+-driven ﬂagellar motor. On the
other hand, some alkaliphilic or marine bacteria, such as Vibrio
species, haveMotPS or PomAB, that is a Na+-driven ﬂagellar motor. In
E. coli, there is a completely conserved aspartic acid residue at
position 32 (Asp32) of MotB. This residue is conserved in all MotB
sequences presently known.
In a previous random-mutational study of MotB in E. coli several
other amino acid substitutions for Asp32 were found to abolish
motility. It is suggested to be the putative coupling ion binding site.
Only the glutamic acid substitution for Asp32 retained motility [1].
In this study, we use Bacillus subtilis that has two kinds of stators,
MotAB and MotPS [2]. These have conserved aspartic acid residues,
Asp24 of MotB and Asp30 of MotS, respectively. To determine
whether these amino acids are important for the motility, we made
some amino acid residue replacement mutants and investigated the
motility of these mutants on soft agar plates.
As a result, these mutants were immotile, suggesting that both
aspartic acid residues are important for motility. Subsequently we
tried to obtain motility-improved strains on soft agar plates and
were successful in isolating such strains. We identiﬁed suppressor
mutation sites in these strains. These mutation sites were suggested
to indirectly affect the structure of the ion ﬂux pathway.
References
[1] J. Zhou, et al., J. Bacteriol. 180 (1998) 2729–2735.
[2] N. Terahara, et al., J. Bacteriol. 188 (2006) 2701–2705.
doi:10.1016/j.bbabio.2012.06.354
17P7
Virtual mitochondrion
Jean-Pierre Mazat1, Margit Heiske1,3, Christine Nazaret2,
Stéphane Ransac1, Edda Klipp3
1IBGC CNRS UMR 5095 and Universite Bordeaux 2, France
2Institut de Mathématiques de Bordeaux, ENSTBB—Institut Polytechnique
de Bordeaux, France
3Institut für Biologie, Theoretische Biophysik, Humboldt-Universität zu
Berlin, Germany
E-mail: jpm@u-bordeaux2.fr
Virtual mitochondrion is a project for multilevel modelling of
mitochondrial bioenergy metabolism. It involves:
- A molecular/atomic level with stochastic nanodynamic modelling
(Gillespie) of electrons and protons transfers in respiratory chain
complexes and super complexes of respiratory chain. A stochastic
approach is particularly well adapted to describe the time course
of the redox reactions that occur inside the respiratory chain
complexes, because they involve only a few number of electrons
(1–10). It allowed us to predict a natural bifurcation of electrons in
complex III (proof of Q-cycle hypothesis of Mitchell) to clarify the
antimycin inhibition constraints and to simulate the ROS produc-
tion in complex I and III. The stochastic approach also permits to
jump to the upper level of enzyme kinetics.
- A mitochondrial level with the global modelling of the respiratory
chain using simple but thermodynamically correct kinetics equa-
tions developed for the respiratory chain complexes (Michaelis–
Menten like equations). The aim is to understand how local changes
(pathological mutations for instance, drug effects, competition
between respiratory substrates) in respiratory complexes inﬂuence
the global behaviour of the oxidative phosphorylation.
- A cell level with the description of simple model(s) of central
energy metabolism easy to manipulate and to understand. The
aim is to coherently integrate various types of data, metabolomics,
ﬂuxomics, transcriptomics etc. or to evidence inconsistencies
revealing new mechanisms.
Conclusion
In this project we would like to emphasise the processes con-
ducting from a given level to the upper one: how the functioning at a
given level explains (or does not explain) the functioning at the upper
(more integrated) level? Thus, in this work, the purpose of a model is
not only to ﬁt the experimental results accurately but rather to
evidence inconsistencies in passing from one level to the upper one. It
will lead to unveil mechanisms or properties which were hitherto not
taken into account or even unknown.
Keywords: metabolism modelling, stochastic nano-dynamics,
complex I, complex III (bc1 complex), mitochondria,
oxidative phosphorylation.
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Single nucleotide polymorphisms in the FTO gene are associated
with polygenetic obesity in human populations. The FTO protein is
ubiquitously expressed. So far its molecular function and role in the
development of obesity remains unclear. Fto knock out mice are
smaller and develop a lean phenotype due to growth retardation after
birth. In addition energy expenditure per gram body mass is elevated
in these mice [1]. In contrast to this ﬁrst report a second Fto deﬁcient
mouse mutant line (MML) exhibits an obese phenotype [2].
We started to characterise a new Fto deﬁcient MML. In this MML
the third exon of the Fto gene was deleted resulting in a frame shift in
the ORF. We observed a high postnatal lethality of pups homozygous
for the Fto deﬁciency. Homozygous pups that survived until d21 had a
lower body mass and body temperature than wildtype or heterozy-
gous littermates. We conﬁrmed a growth retardation phenotype in
mice lacking Fto. Adult Fto deﬁcient mice were smaller but had a
higher fat mass and lesser lean mass than predicted for their body
mass. Energy expenditure was increased when adjusted for lean
mass. Food consumption and total activity were slightly decreased. In
addition mice lacking Fto exhibited a clear behavioural phenotype
with reduced levels of rearing behaviour. In conclusion the observed
metabolic phenotype of a new Fto deﬁcient MML suggests that loss of
FTO function promotes obesity.
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